T h e ava i l a b i l i t y an d us e o f magnetic resonance imaging (MRI) in the United States has soared since its introduction in the early 1980s. There are now estimated to be more than 7,000 sites offering MRI, collectively performing more than twenty-six million procedures annually. 1 Other forms of imaging have grown as well, with more than 10,000 computed tomography (CT) units estimated to be in operation, and steady increases in the availability of positron emission tomography (PET) and other new imaging modalities. 2 Acquiring and using advanced imaging availability carries a substantial price tag. New imaging equipment can be expensive-state-of-the-art MRI units can cost $2 million or more-and the costs of facility adaptations and the periodic equipment upgrades and improvements that are often required can also be costly. These high costs raise concerns about whether widespread availability is justified, but they may be worth it if they make possible sufficiently large benefits, such as by improving health outcomes or reducing the use of other more expensive or invasive diagnostic tests. Indeed, in other fields of medicine there is evidence that new and expensive technologies can produce benefits that are valued at, or even well above, their costs. 3 On the other hand, there are concerns that the U.S. health care system can also be prone to overuse, particularly of new, high-tech services. 4 In the case of MRI, CT, and other forms of advanced imaging, evidence about society's value proposition from expanding availability is sparse. Many studies have examined particular advances, and from them has come evidence that new imaging approaches can often improve things such as the speed and precision of diagnoses. But at the broader level, questions about the costs and benefits of expanding imaging for society and policy encompass a wider set of issues, including the ways in which expanding imaging availability affects the number and type of patients receiving imaging procedures, the types of procedures they get, the impact on their use of alternative diagnostic tests and therapeutic procedures, and ultimately their health outcomes. Although this kind of information has been difficult to develop, there is little question that it is increasingly needed.
In this paper we briefly examine trends in the availability of CT and MRI equipment, and the relationship of increasing availability to patterns of use. We then discuss issues that appear important for efforts to assess the value of expanding imaging availability and illustrate them with an examination of one particular case: the diagnosis of abdominal arterial disease using CT angiography.
Expanding MRI And CT Availability And Use 5 Although any survey-based approach will miss some facilities and units, results from these surveys are widely used in the industry and have been used in previous publications. 6 These data suggest dramatic expansions in MRI and CT since 1995 (Exhibit 1). The estimated number of CT units grew more than 50 percent between 1995 and 2004; the estimated number of MRI units more than doubled.
There have also been sizable increases in use. Using Medicare claims data, we counted the total number of procedures performed for traditional Medicare beneficiaries age sixty-five and older, by calendar year, for 1985-2005. We based our calculations on physician-supplier claims, identifying instances in which a physician billed Medicare for the interpretation of the results of an MRI or CT procedure. 7 The number of MRI procedures per 1,000 beneficiaries increased from essentially zero in 1985 to 50 in 1995, and then more than tripled to 173 by 2005 (Exhibit 2). CT procedures also rose dramatically, more than doubling from 1995 There are clear relationships between the availability of imaging units and their use. Using the data on imaging units and the Medicare claims data, we constructed estimates of the number of scanners and procedures by Metropolitan Statistical Area (MSA) for each of the four imaging-site survey years. 8 Exhibits 3 and 4 plot the changes between 1995 and 2004 in the number of MRI and CT units in 318 MSAs against changes over the same period in the number of procedures provided to traditional Medicare beneficiaries. In both cases, the places that had the largest growth in the number of units also had the largest changes in the number of procedures billed to Medicare. To more formally assess these relationships, we estimated a regression to examine the relationships between changes over time in the number of CT or MRI units in an MSA and changes over time in the number of procedures, controlling for the number of patients in the MSA. 9 The results suggest that each additional MRI unit is associated with 733 additional MRI procedures among traditional beneficiaries, and each additional CT unit is associated with 2,224 additional CT procedures (both p < 0.01).
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Much of this effect is associated with growth in the number of CT or MRI users. When we performed regression analyses relating expansion in availability to changes in the number of beneficiaries who received any CT or MRI procedures, we found that each additional MRI unit is associated with 410 more users of MRI, and each CT unit is associated with about 650 more users of CT (both p < 0.01). Expanding MRI and CT availability is also associated with increases in the number of procedures per user, but this relationship does not appear as strong. In regression analyses, adding an additional scanner is associated with 0.002 more MRI scans per user, and also with 0.002 more CT scans per user (both p < 0.01). The association between expanding availability and expanding use suggests potentially important cost impacts. Because Medicare pays for imaging differently depending on where it is performed, and some imaging services are part of hospitals stays for which the technical component is paid for through prospective payment, estimates of the net cost of expanding procedure use to Medicare depend on assumptions about where the procedures would be performed. As one guide, we calculated that under the 2005 Medicare fee schedule, the average total amount Medicare would pay for the MRI procedures observed in our data, if billed under the fee schedule, was $713. For CT, the corresponding figure was $308. Based on these figures, an additional MRI unit in a physician's practice would have been associated with about $550,000 in additional Medicare spending per year, and an additional CT unit would be associated with $685,000.
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Costs And Benefits
Whether society ultimately gets its money's worth for expanding imaging availability is a multifaceted question. At its most basic, the question involves an assessment of the costs associated with expanding imaging and the benefits derived from it. Ideally, this would be done at the level of the population, perhaps conceptualized as a question of the costs and benefits associated with adding new equipment to a geographic area, as they accrue to its population. More formally, the question might be framed as an assessment of the cost-effectiveness of adding new imaging equipment to an area. In principle, by comparing, for the population affected, the net change in imaging and other health care costs associated with adding a piece of equipment to the change in the number of quality-adjusted life-years (QALYs), one could produce an estimate of the cost-effectiveness ratio associated with addition of new equipment.
To begin to make such an assessment, broadly based measures of costs and benefits will be required. To consider sources of costs and benefits, it may be useful to distinguish two groups of patients. First, some patients would not receive any diagnostic testing, imaging or otherwise, if imaging equipment is only sparsely available but would receive testing if availability expands. For example, consider a serious health condition for which there is a conventional test that is invasive and associated with side effects, as well as an imaging test that is noninvasive or associated with less burdensome side effects. If the imaging test is difficult to obtain, some patients for whom the condition is a possibility, but only a remote one, may delay or even entirely forgo testing. But, as imaging equipment becomes more widely available and the test thus becomes more easily obtained, the threshold for referring a patient to be tested may change, and patients who once might not have been tested would receive the imaging test.
In this situation, the costs associated with expanding imaging would include the costs associated with imaging, as well as the impacts on the use of subsequent health care, particularly follow-up tests and procedures. Benefits would be ob-served if earlier identification of treatable health conditions led to improved outcomes. Moreover, even if disease is not identified, there may be value in the information gained. Being able to rule out a suspected abnormality, for example, can be medically beneficial by improving the direction of further care. 12 It might also have value by eliminating patients' concern about harboring disease. Although we would expect information of this sort to be generally beneficial for patients, it is worth noting that it need not always be so. For example, the act of sending patients for additional testing can produce anxiety that persists even if patients receive a "negative" result suggesting that the condition of concern is not present. 13 A second group of patients includes those who would have received some diagnostic testing with less imaging availability but for whom expanded availability leads to different testing patterns. Imaging may substitute for other testing or augment it. For patients in this group, the net costs would include the costs associated with the imaging itself and would incorporate any savings from changes in the use of other tests. Net costs would also include the costs associated with changes in the use of subsequent health care.
Use of advanced imaging for this group could increase the speed with which information is generated and made available. In the absence of advanced imaging, patients and doctors may have had to wait longer for symptoms to develop further or for other types of tests to produce results, to have enough information to make a diagnosis. The precision of diagnosis could also be improved. Many new imaging techniques have higher sensitivity, specificity, and accuracy than older diagnostic approaches.
Quicker and more precise diagnoses would be of clear benefit if they facilitated the use of more effectively targeted treatment approaches or allowed treatment to begin more quickly and thus led to improved outcomes. More precision might also have less tangible benefits, such as by reducing false positive rates and thus reducing patient worry (besides reducing the use of unnecessary follow-up procedures). Substitution of imaging for other tests that carry higher risks of complications or that are more invasive, time-consuming, or uncomfortable than the imaging tests would also produce benefits.
Gathering cost and benefit information to develop a broadly based assessment of the value of expanding imaging seems to us to face two key challenges. The first is moving from the level of effectiveness or cost-effectiveness studies focused on specific clinical situations to analyses that more completely capture the population-level effects. At one level, this need be nothing more than aggregating across cost-effectiveness analyses of each of the possible effects that expanding imaging availability could have on clinical care. There are many studies of the costeffectiveness of imaging approaches for particular patients with particular conditions, often providing evidence that imaging approaches can be cost-effective. with a range of conditions, not all of which have been studied. Moreover, as imaging availability expands, use may be expected to spread beyond the populations considered in existing studies. Even with sufficient cost-effectiveness evidence, the challenge of combining the evidence across the many effects of availability expansion would remain. Adding a new MRI unit to an area may increase the use of MRI in some circumstances where MRI is clearly cost-effective, but also increase its use in other areas where it is less so, and the net effects will depend on how many and which types of patients fall into each category. Although challenging, developing population-level evidence is clearly valuable. Expanding our base of cost-effectiveness information could help with efforts to assess the value of expanding imaging, particularly combined with data on how changes in imaging availability affect the ways in which imaging is used. Information could also be gained from analyses that relate the area-level availability of imaging to population-level health spending and outcomes. Although this may only imprecisely link imaging to outcomes of interest, it may be more feasible and thus informative. 15 A second key challenge is to more fully address the range of benefits associated with imaging. Although most of imaging's potential value is related to the information it can provide, this information might not always have direct impacts on the most easily measured health outcomes. Imaging can also improve such things as patient comfort during testing. Existing studies and cost-effectiveness analyses do not typically address these kinds of benefits in a robust way, but to develop an accurate assessment of the ultimate value of expanding imaging, these will need to be considered.
An Example: Diagnosis Of Abdominal Aortic Aneurysm And Related Conditions
n Data analysis. To illustrate these issues, we present an analysis of an emerging, seemingly beneficial, use of CT to diagnose conditions affecting arteries of the abdomen, particularly the abdominal aorta. 16 Abdominal aortic aneurysm (AAA) is the development of a weakness in the aorta, one of the body's most important arteries. If left untreated, it can cause serious health problems and frequently death. Other related conditions that we include are aneurysms, narrowing, or related conditions in other abdominal or pelvic arteries (it being difficult to distinguish diagnostic testing of the abdominal and pelvic arteries in the Medicare claims data). Patients with suspected arterial conditions are candidates for diagnostic testing. In many cases, ultrasound procedures are used to study suspected aortic aneurysms and related conditions, but patients can also undergo other diagnostic testing. For patients who require testing more precise than ultrasound, one option is to use a catheter-based angiogram or aortogram, in which a catheter is threaded into the arteries and used with x-rays to study blood flow patterns. This test is invasive and carries an elevated risk of a range of complications, including potentially life-threatening embolisms. 17 An emerging alternative to catheter angiography is CT angiography (CTA), a noninvasive study using contrast-enhanced CT scanning. The use of CTA began in earnest in the United States in the late 1990s and was well recorded in Medicare claims data by the early 2000s. The risks associated with CTA appear minimal, and CTA appears to be viewed as accurate in the depiction of arterial disease. 18 We used the Medicare claims data to track use of abdominal CTA, as well as catheter angiography of the abdominal arteries, in the traditional Medicare population between 2001 and 2005. 19 This is the time period during which these procedures are well captured in the claims data, and we computed the number of patients who received these procedures by MSA and year. Expanding use of abdominal CTA could create benefits through a number of channels. First, it could offset the use of more invasive catheter angiography, which has a higher complication rate. To explore this, we used data from 2001-2005 to examine the relationship between expanding CTA use in MSAs and changes in catheter angiography. We estimated a regression in which the dependent variable was the number of beneficiaries in each of 318 MSAs who had received at least one catheter angiography procedure in the given calendar year and the key independent variable was the number receiving CTA, controlling for the number of beneficiaries as well as fixed characteristics of MSAs and annual time trends. 20 In this specification, the regression model provides evidence about the ways in which changes over time in the number of CTA users, within an MSA, are associated with changes in the number of catheter angiography users (Exhibit 5). Results suggest that for each 100 additional recipients of CTA procedures, there are 15.4 fewer recipients of catheter angiography (p < 0.01). That is, increasing use of CTA is associated with reduced use of catheter angiography, but with a substitution rate that is less than one for one.
These results suggest that many beneficiaries who came to receive CTA were those who previously would not have received either CTA or catheter angiography. Another way to look at this is to examine the relationship between changes in CTA use and changes in the number of beneficiaries who receive either CTA or catheter angiography. We created a regression model in which the dependent variable was the number of beneficiaries who had received either CTA or catheter angiography (Exhibit 5). Here, we observe that an increase of 100 CTA users is associated with an increase of 68.4 users of either of the two (p < 0.01). If all new users of CTA were those who would otherwise have used catheter angiography, From these two results, we can then calculate that for every 100 new abdominal CTA users, about 68 are people who would not have previously received either a CTA or a catheter angiography, about 15 are people who would have received catheter angiography but now receive a CTA instead, and the remaining 16 are those who now receive both CTA and catheter angiography.
Patients switching from catheter angiography to CTA could benefit from the lower complication rate of the less invasive CTA. Patients who newly receive CTA but would not have gotten catheter angiography before could benefit if the additional screening catches disease that would have gone undetected before. To provide some evidence about this, we investigated whether the additional diagnostic testing is associated with changes in therapeutic procedure rates, which are a key mechanism by which improved health outcomes might be expected to come about-if expanded diagnostic imaging catches treatable conditions, we would expect to observe a higher rate of therapeutic procedures. We considered four types of therapeutic procedures: direct repairs for ruptured aneurysms, direct repairs for other than ruptured aneurysms, endovascular repairs, and endarterectomies. 21 Using regression analysis to examine the relationship between expanding CTA rates and treatment rates, we found that for each additional 100 CTA users in an MSA, there are about 1.1 more beneficiaries who receive one or more of these treatments (Exhibit 5; p = 0.034). n Lessons from the example. This admittedly simple investigation does not fully cover all of the issues one might wish to consider in a full-blown investigation of CTA and its use for abdominal artery conditions. Moreover, CTA for these conditions is but one of many uses of CT equipment, and not the most common-depending on the year, only 1 percent or less of all CT procedures done for Medicare beneficiaries are abdominal CTA. We hope that it does, however, convey some of the potential for gaining new information, and some of the analytic and interpretive challenges, that can accompany efforts to better assess the value of imaging diffusion.
Increasing use of CTA in this example is driven by large increases in the use of any advanced screening, and with a much smaller reduction in the use of catheter angiography. There are a few more therapeutic procedures performed when CTA rates increase, but the change is small.
This illustrates the limits of existing cost-effectiveness data in understanding the overall value of expanding imaging availability. Cost-effectiveness data on each of the effects of changing abdominal CTA use-substitution of imaging for catheter angiography for one part, expansion of the population receiving any testing at all for the other-are not available. Even if they were, the rapid expansion in use of the procedure would likely have pushed its use into populations of patients beyond those initially examined in clinical trials. Like many situations in which CT and MRI appear to be used, this is a situation in which tracking costs and benefits at the population level will require broader analyses.
This example also illustrates the challenges associated with measuring benefits. Some progress can be made focusing on measurable health outcomes. Here, the small changes in treatment rates that accompany increasing CTA use do raise the concern that many additional procedures were done for patients with perhaps only small changes in population-level outcomes. However, even small changes in the number of patients receiving treatment could produce important benefits if the benefits to each treated patient are large enough. Formally assessing the impacts on outcomes at the population level would provide valuable information. We also caution that we have not considered the presence of complications from catheter angiography, the potential for more imaging to more precisely identify good candidates for therapy, or the risks to patients from increased radiation exposure. 22 More importantly, this example illustrates the potential importance of better assessing and incorporating information about sources of benefits other than health outcomes. In this case, for most of the patients, the main source of benefits would appear to be associated with additional information. Two-thirds of the additional use of CTA is associated with new diagnostic users, and most of these do not go on to therapeutic procedures, but they could receive benefits if they value such things as more quickly receiving information ruling out a potentially serious health condition. These kinds of benefits might, or might not, turn out to be suffi-ciently valuable to justify the costs of additional procedures, but they certainly should be counted if a full assessment is to be made.
Concluding Comments
The diffusion of advanced imaging such as CT and MRI has been rapid and has led to major increases in costs for Medicare and other payers, raising important questions about whether there are benefits sufficient to justify the costs. Analyses that are population-based and incorporate outcomes will be needed to answer these questions.
It seems likely that key benefits of expanded imaging use will in some cases include improvements in measureable health outcomes but will frequently include other, perhaps less tangible, types of benefits. At one level, this raises a set of analytic questions about how these benefits could be measured and incorporated into analyses. At another, it may raise important questions about the extent to which the health care system should pay for benefits other than improvements in objective health measures.
Our focus has been on what we consider to be the most important questions facing an assessment of expanding imaging capacity, but there are other issues that might be addressed in a full analysis. For example, changes in the use of current technologies could affect the development of new services and future knowledge. This may be particularly important as new imaging approaches increasingly contribute to the use of other therapies such as minimally invasive surgery. Manipulating the adoption and use of advanced services today may affect the pace with which new products are developed and brought to market, which could affect the future potential of the health care system.
